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The invention concerns an eleeLriually modifiable multilevel 
nun- volatile memory comprising autonomous refreeh means. The 
invention more particularly finds an application in the field 
of memories wich a large capacity, around several tens of 
megabits . 

There are oovcral techniques for increasing the density of 
memories. One of them consists of storing eevcral Information 
bits m the same memory cell. This Is then referred to * s 
multilevel memories. Conventional memories store one 
information bit per memory cell, chat is to say two 
programming states. These states correopond to the presence 
or absence of electrical chax-tjes in the rioacing gate of the 
transistors making lip the constituent memory cell. Multilevel 
memories, for their part, make ic possible to score a larger 
number of programming states per memory cell . 

The patent jo> o 340 1.07 describes an electrically modifiable 
non- volatile multilevel l[iem0 ry. Each cell in the memory is 
capable of scoring n possible programming states, with n equal 
to at least three. These diCCerenc programming star.** are 
Obtained by varying the conduction threshold of the floating 
gate transistor making up the memory cell. an order to obtain 
this variation i n conduction threshold, the cell is programmed 
more or less strongly by varying che intensity or the 
Programming, th*t is to say either the voltage supplied to the 
cell or the duration of amplification ot the volhagp. For 
reading the information contained in the memory, a current u*- 
a voltage which is a function of r.he r.al I programming state ie 
compared with n-l main reference values in order to derive 
therefrom the programing stace of the memory ceil amongst, n 
possible states. 

TTowever, the physical phenomena brought into play by the 
pxuyxatiuning of such memory r.«n s are not well controlled 
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industrially. As ct result the currents issuing from the 
reference cells and the programmed cells are not known with 
great accuracy. They depend on many factors-, including the. 
reading voltage values applied to the cells. The current 
issuing from a p-toyratn cell depends on tlie intensity of the 
programming, that ie to cay on the quantity of electrical 
charges injected into its floating, gate. This quantity of 
charges depends on the programming voltage and the duration of 
applicaLiun or this voltage, or even on the way in which it ' 
would be applied. There exieto therefore a very great scatter 
between Llie current values of rererence cells and cells 
programmed in a series of memories of the same manufacture. 

It also happens that uncontrolled movements of electrical 
charges Lake place during operations ot programming or- erasing 
the memory. For example, during the programming of a memoi.y 
cell of <* multilevel memory of the FLASH EPROM r.ype>, a high 
voltage Vpp is applied to the word line connected to the 
control gate or the cell and a lower vol tag* Vp to the bit 
line connected to the drain of the cell. The sources of all 
the cells belonging to the samfi spntor are connected to earth 
during programming. The cells connected to the same word line 
are then subjected to an electric field which may be 
responsible for a movement of electrical charges. 

In addition, the programming state of a programmed cueiuuxy cell 
degrades over time, that is r.o say t-.hp. fins ting gate of the 
memory cells hao a tendency to lose electrical charges over 
. •time^._..„l'fag- JEg5ggfea*Mft-;,,fi>f a- memory-; cai'l lasts for around ten 
years. For high temperature conditions, this degradation in 
accelerated still t-urther- 

Finally, a large number of writing cycles applied ro the cell 
can also impair the quality of the dielecLxic situated between 
the floating gate of the cell and the substrate, Thus a cell 
which has frequently been acted on may lose or qaiu electrical 
chargfts mrn-P easily than another cell. 
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All these variations are all the more of a problem since, in 
multilevel memories, the voltage or current rangfis 
repress enfcing the different programming states are smallex 
because or their large number. 

Faced with all these possible variations? in the programming 
state of the coll, intermediate reference values are provided. 
These intermediate ref Rrpnne values define safety ranges which 
make it poeeiblc to predict any loss of a programmiiiy state. 
They are used for refreshing the memory cells. For this 
purpoee, the reading current of a cell is compared with these 
intermediate reference values and in Miis way it is determined 
whether the cell 3hould undergo supplementary programming . 

It ic therefore found that multilevel memories of Lht> FLASH 
EPROM type, although they are non-volatile, need to be 
continually refreshed. 

Normally, the operation of refreshing the meiitui.y o-l- a sector 
of the memory is carried ont under the control of a control 
unit external to the memory. Any access to the memory during 
the refresh operation is? th^n impossible. 

in addition, the rpfrt?sh operation is generally triggered 
following a writing operation (programming or erasing) in Lhe 
memory in order to remedy any disturbances which this type of 
operation might cause. This x-elreyh mode dues uyL take 
account of the phenomena of lose of electrical charges over 
time, in particular lor memory cells which have frequently 
been anted on . 

Thfi aim of the invention is to remedy these drawbacks. 

The object of the. invention is an electrically modifiable non- 
volatile memory' uniL having a first maLxiA of non-volatile 
memory cells able to store at least two information bite, the 
said first matrix being divided into sectors, first means of 
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addressing and programming the said first matrix, first rpad 
and write circuits associated with the said' first matrix, and 
a control circuit for controlling the whole, r.ho. said memory 
unit being characterised in that it also has refresh means 
under the control of r.hfi r.ontroi circuit and a real-time clock 
delivering pulses for periodically triggering an operation of 
refreshing the memory cells of r.h« said first matrix . 

Thus the refresh operation in the memory unit of the invention 
io performed autonomously and requires no external commd.ua. 

In addition, the refresh operation is carried out periodically 
in order to mitigar.« any phenomenon of gain or loss of 
electrical charges at the floating gate of the memory cells. 

Preferably, the refresh operation takes place sector by 
sector. 

According to a particular embodiment of the invention, the 
memory has a aecond matrix of static memory cells. -The 
rerresh operation is then performed in two steps; 

- a step or duplicating, in the second matrix, information 
contained in a sector of the first maLrix., and 

- a step of refreshing the gella in Lhe sseuLur ol the first 
■matrix containing this information. 

ThuR the information in the cells in the course of being 
refreshed is accessible in read mode from Lhe second matrix 
without interfering with the progress of the refresh step. 

Othsr nharar.tfiri sties and advantages of the invention will 
emerge Ii-oiti a reading of the following detailed description 
which is given with reference to the accompanying drawings, in 
which: 
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- Figure 1 depicts an example embodiment of the memory 
according to the invention ; 

- Figure 2 depicts a flow diagram oC cui operation of 
refreshing the memory unit according to the invention; and 

- Figure 2 depicts schematically a current curve generated in 
itjud mode by a memory cell as a function of its programming. 

Figure l illusLiuLea a preferred example of an embodiment or 
the memory unit according to the invention. By way of non- 
liutiLaLive example, the multilevel memory is of the FLASH 
EBPP.OM type. 

The memory unit has a matrix 1 of non-volatile memory cells 
able to store several information bits. These memory o^lls 
are connected to a row decoder 3 and to a column decoder 4 
itself associated with read and write circuits 5. 

In Lhe oase of a memory of the' FLASH EEPKOM type, each cell 
consists of a floating gate transistor whose conduction 
threshold can be modiried electrically by applying a suitable 
voltage to its electrodec. Thuo, for thio type of memory, a 
column programming voltage generator 6 is provided, supplying 
the drains by meanc of the read and write circuits 5 and 
supplying the sources by means of a source supply circuit- s. 
A row supply circuit 7 is also provided, for applying the 
programming voltage to the gates. These supply means receive 
a potential Vpp delivered by a so-called high-voltage 
generator (not shown) . 

in practice, a FLASH EKPP.OM memory is divided inr.n sectors, 
which sectors each have a matrix of memory cells provided with 
a row decoder and a column riecortAr, associated rsafl and wri.r.e 
circuits and circuits supplying the rows and columns. For 
reasons of legibility, only one sector has hppnn dppip.t-.ed "in 
Figure 1 . 
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The decoders 3 and 4 are anmmcted tn an address register 9 . 
The read and write circuits 5 are connected to am input dat_a 
rsgiRhftr 10 and tn an output data register xi. all the 
circuits 3 to 0 are controlled by the control circuit 2 . 

The control circuit 2 comprises refresh n\ea.iis 2A and is 
designed to interpret pxternal control signals CD and internal 
control signals CORK and COMP. Acuuzdiucj Lo this 
interpretation, the control circuit supplies control signals 
CDa, CDd, CDi and RP. According to an advanLayeous 
embodiment, r.h« -internal control signals pass over an. internal 
control bus . 

The control circuit 2 is a programmed unit, for example or the 
programmahl p. logic array (PLA) type, which controls all the 
circuits of the memory such as for example the supply circuits 
fi, 7 and R. The role of the control circuit 2 is principally 
to control che opeiaLions of reading, programming and erasing 
the memory cells. 

The memory unit communicates with the outside by means of an 
interface circuit (not sshown) designed to receive read and 
write commands associated with address information, to receive 
the data to be wriLLen and to receive the read data. 

The uuxiLxol circuit 2 sends control signals CDa CDd and CDi 
intended respectively for the address registers, the data 
ieyisuexa and the other circuits in the memory unit, a 
refresh, signal RF ic also provided for indicating that a 
refresh operation is currently being carried out. 

in. order to implement the invention, the diagram of the memory 
unit is also supplemented with a certain number of circuits. 
First of all, a real-time clock 14 is associated with the 
control circuit 2. Thio clock con be backed up, for example, 
t>y a lithium battery integrated into the memory. 
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The real-cime clock 14 periodically aeiivers cioclc pulses 
intended for the control circuit 2. Each, pulec then triggers, 
at che control circuit: 2, an operation of refreshing the 
memory cells of the matrix 1 . 

An addreGO generator 2 associated with each sector of the 
matrix 1 is also provided tor producing the addresses ADR of 
all the cells in the sector during the refresh operation. 
This generator is interposed between the address -register 9 
and the line 3 and column 4 decoders. When it is not acted on 
for refreshing che sector whir.h is assoni ated with it, the 
address register 12 directly transmits to the column and row 
decoders the address AT) associated with an external command 
and, in thio caae, the address AD is equal to the address ADR, 

In addition, an address comparator 13 is provided for 
comparing the external adrirfisses »T) and the addresses ADR 
generated by the address generator 12 during the £ afresh 
operations. This comparator mak-es it possible to determine 
whether the address associated with an external read or wriLe 
command .belongs ho the sector of the matrix l currently being 
refreshed. A comparison signal COMP representing Lhe result 
of r.he comparison i.s transmitted to the control circuit 2. 

■JLjhe control circuit 2 a Ipso receives a correction signal CORE 
sent by the read circuit and whose purpose is to Liiyyer a 
supplementary programming of the cell currently being 
refreshed or an erasure of the sector followed by 
^programming. The address generator 12 and comparator 13 are 
activated by the refresh siynd-l R.F. 

According to a prelex-xed embodiment, a second- malxiA 15 of 
statin memory cells ie provided, organised in rows and columns 
so that the daLa of the sector currently being refreshed axe 
accessible in read mode from the second matrix during the 
refresh step. StaLic memory cells are used ainue the Lime of 
a write cycle in the static cell is very short compared with 
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LlietL of d dyiietuiic cell or a redundant noii- volatile cell. in 
addition, the rows of the second matrix are selected by means 
of a row decoder 16 whilst the columns are selected by a 
column decoder 17 associated with read and write circuits 18 . 

The refresh operation associated with thiE type of ctructurc 
takes place in two steps: a step of duplicating, in the second 
matrix, the data of a sector of the first matrix, and a step 
ojC refreshing the cells of the duplicated sector of the first 
matrix. 

The step of refreshing a sector takes place cell by cell . The 
correction signal CORK, issuing from the read circuit 
associated with the read cell ia designed to indicate to the 
control circuit 2 whether the cell needs to be corrected. The 
correction consists cicher of a supplementary programming of 
che cell, or of an erasure and then reprogramming of the 
sector aeoociatcd with the cell . 

The decoders of rows 16 and columns 17 receive an address 
supplied by a conversion circuit 19. The purpose ofthp. 
conversion circuit is to transform the address ADR into an 
address adapted to the matrix is. This is bfir.mists r.he si 7i? ot 
the matrix 15 is equal to the size of a sector of the matrix 
11. The new address issuing from the conversion circuir. 
therefore has no sector indication. Fox- example, the 
conversion circuit elimi.nsr.fis thft bits of r.he address ADR 
indicating a matrix sector, in general the most significant 
bits. 

The read and write circuits 18 are connected with an input 
data register 20 and an output data register 21. The input 
data register 20 is r.onnfir.tp.d with the output data register 11 
for duplicating data of the sector to be refreshed. In 
addition, a multiplexer 20 receives the data coming ■From the 
two output registers 11 and 21, and selects the data to be 
supplied at the output of the memory. The output of an AND 
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gate 23 is connected to the selection iwyuL vC the multiplexer 
?.n . The signal s POMP and RP are applied to the inputs of the 
AND gate 23. Thus Lhe data delivered by the memory unit 
following an external read command come from the matrix of 
static cells if Lhe aector concerned is the sector currently 
being- refreshed . 

Apart from the refresh operations, the operations of reading 
and wiiLing in Lhe matrix l are performed in the same way as 
for a conventional non-volatile memory under the control of 
the conLiOl circuit 2 . 

s-iyujte 2 depicts a flow diagram of a refresh operation adapted 
to the memory unit of Figure 1. Following a clock signal 
delivered by the real-time clock 14, the control circuit 2 
triggers a refresh operation. A firet sector of the matrix 1 
is selected, in a rirst step, the data of the selected sector 
are duplicated in the aecond matrix 15. The circuits to which 
the current refresh operation does not relate are ampssibl e 
in read and write mode using external commands. 

The duplication step ic followed by a refresh gtep in which 
Lhe uells of the selected sector are read one arr.«r the other. 
To do thie, the addrcaa generator 12 of the sector currently 
being refreshed supplies addresses to the row decoder 3 and to 
the column decoder 4 . In order to determine the programming 
scate of the cell read, the current issuing from r.he cell 
subjected to the read voltage is compared with principal 
reference levels. This current is also compared with 
intermediate reference levels in order to determine whether 
the read cell should undergo supplementary programming or be 
erased and then reprogrammed . 

Figure 3 depicts schematically a current curve generated in 
read mode by a memory r.esll as a function of its programming. 
This figure illustrates the case of a memory unit where the 
cells are capable of storing four programming states, that is 
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to say two information bits. Hie principal reference values 
TPi, TT? ?. and IR3 are current levels for defining four 
programming stales. The state ll corresponds to a cell which, 
in read mode, generates a current higher than the level 1R1 . 
The state 10 corresponda Lo the cell whicli, in read mode, 
generates a current lying between the level IR1 and the level 
IR2. The state 01 corresponds to a cell which, in read mode, 
generates a current lying between the level IR2 and the level 
IR3. Finally, the state 00 corresponds to a cell which, in 
read mode, generates a current lower than the level IR3. 

Intermediate reference levels arc also defined by current 
levels IRQB, IRiA, IR1B, 1H2A, and IR3A. 

These intermediate reference levels define safety ranges. Tn 
this type of memory, it io considered that a cell which is to 
be programmed to the n"* state fthe state ll is the first 
state) must not only supply a current lying between IRn-1 and 
IRm but more precisely supply a current lying between TRn-ia 
and IRn-lB. If the cell reading current io in between IRn-l 
and iRn-iA, it is considered that the cell is insufficiently 
programmed and the cell must undergo supplementary 
programming. Conversely, if nhe cell rftarting current is 
between IRn-lB and iRn, the cell must be erased. The erasure 
taking place in a global fashion in a memory of the FLASH 
type, che entire sector containing the cell is to be erased; 
the sector will then be reprogrammed . 

If reference is made once again to Figure* ?., each cell in the 
matrix io thuo read so aa to determine whether it requires to 
undergo reprogramming tor erasure followed by reprogramming. 
These reprogramming or erasure commands are transmitted to the 
control circuit 2 by means of the correction signal HORR . 

Where the cell is insufficiently programmed , it undergoes 
supplementary programming, for example in the form of a 
voltage pu3.se applied to the gate of the memory cell. The 
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following cell is next passed to. 

Where the cell requires erasure, the sector associated with 
hhp. r.Rl 1 is Rrased and is reprogrammed entirely. The 
following sector is next passed to directly. 

All the cells in the matrix l are Uius checked. At the end of 
each elementary refresh step, the address generator ie 
incremented . 

In addition, an autonomous supply device (not shown) is 
provided for supplying the memory unit so that the refresh 
operation is pej:£ox,nied normally when the device including the 
memory unit is not powered. It could be envisaged activating 
the autonomous supply device at each pulse of the clock 14 ror 
a certain period in the absence of a supply provided by the 
system. 

As seen previously, the data of the matrix l remain accessible 
in read mode during the refresh operation. This ie because, 
if, 1l is adapted to read a data item belonging to a sector 
different from the sector currently being refreshed, the 
i-eading takes place in a conventional fashion without 
interrupting ch«a refresh operation. On the other hand, if it 
is dtLeuiuLed to read a data item stored in a sector currently 
being refreshed, there arc two possible cases. If the 
duplication of the sector of the matrix i has ended, the 
corresponding data item in the matrix 1 ie read, otherwise the 
duplication is interrupted and the data item is read in the 
matrix l . 

Moreover, any writing operation (programming or erasure) 
triggered by an external command on a sector of the matrix 1 
may modify the operation of refreshing the matrix. If the 
address associated with the write command points to a sector 
of the matrix 1 currently being refreshed, the refresh 
operation is inr.Rr-nipted in order to allow the writing 



Fav j=r.n+. hy : H2R724RRFMF; 



U.P.THOMPSON 



22/1 1i:R1 p b : iR/iq 



- • . 12 
operation to take place. The* rfifresh operation r.hem resumes 
at the following sector. 

It can be envisaged inserting the refresh means of the 
invention in conventional memordes. 

Otherwise, if the write operation concerns a sector other than 
Llie one currenLly beiutj refreshed, it takes place in. a 
conventional, fashion without interrupting the refresh 
operation. 

According to a preferred embodiment, che refresh operation 
takes place every hour. 
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OlAIMS 

1. Electrically mofHFiable non-vnl ahi 1 e mRmnry unit having a 
first matrix (1) of non-volatile memory cells able to store at 
least two inrarmation bits, the said first matrix being 
divided into sectors, first means of addressing (3, 4) and 
programming (6, 7, fi) the said first matri-sr, first read and 
write circuits (5) associated with the said EirsL uidLxxjc (1) , 
and a control circuit (2) for controlling the assembly, the 
said memory unit being characterised in that it also litis 
refresh means (2A) under the control of the control circuit 

(2) and a real-time clock. (14) delivering pulses lux 
peri or! i call y triggering an operation of refreshing the memory 
cells of the said first maLri-x. (l) . 

2. Memory unit accoxdiuy to Claim 1, characterised in that 
r.hfi npp.rat.i rm of refreshing fcha first matriac (1) is performed 
sector by sec cox- . 

3 . Memory unit according Lo one of Claims 1 ox" 2 , 
characterised in that it has a second matrix (15) of static 
memory cells, second means of addressing (16, 17) the said 
second matrix (15) , the refresh operation being performed in 
two steps: a sLep u£ duplicating, in the second matrix (15), 
information contained in the first matrix (1) , and a step of 
refreshing- the memory cells of the first matrix U) containing 
this set of information, so that, during the refresh step, the 
information in the cells in the course of being refreshed is 
accessible in read mode from the second matrix (IS) . 

4. Memory unit according to one of Claims 2 or 3, 
characterised in that the capacity of the second matrix (15) 
is equal to the capacity of a sector of the first matrix (1) . 

5. Memory unit according to any one of Claimo 1 to 4, 
characterised in that a refresh operation is triggered ftvnry 
hour . 
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